In cosmological backgrounds, there can be 'partially massless' higher spin fields which have fewer degrees of freedom than their massive partners. The equations for the partially massless spin-2 fields are usually taken to be the linearized Einstein equations augmented with a 'tuned' Pauli-Fierz mass. Here, we add more powers of curvatures and show that for the string-generated Einstein-Gauss-Bonnet model, partially massless spin-2 fields have real mass in AdS, in contrast to the Einstein level result. We discuss the implication of this for the AdS/CFT applications and briefly study the C 4 -corrected AdS 5 × S 5 solution in type IIB SUGRA. 
In Anti-de-Sitter and de-Sitter spacetimes, massive higher spin fields ( s ≥ 2 ) exhibit a novel phenomenon: partial masslessness (or the appearance of extra gauge invariances), if the masses of the fields are 'tuned' to the background cosmological constant [1, 2, 3] . A massless spin-2 field (which we shall exclusively employ with here) in a flat D-dimensional background has D(D − 3)/2 degrees of freedom ( DOF) and a massive one has (D + 1)(D − 2)/2 DOF. On the other hand, in a constant curvature background there is a third possibility, for which the spin-2 field has one fewer than the generic massive case: Hence the name partially massless. A second derivative, scalar gauge invariance appears at the partially massless point. For these fields, there is a crucial difference between dS and the AdS spaces: The tuned m 2 is positive for the former and negative for the latter.
In the literature, the original analysis involves the equations of the linearized gravity augmented with the linear Pauli-Fierz mass term. In this note, we shall slightly generalize by considering also (the linearizations of ) higher curvature terms that are generated in certain string models and study their effects on the partially massless fields.
The motivation for this work comes from the possible applications of partially massless spin-2 fields to AdS/CFT duality [4, 5, 6] . As is well-known, bulk fields in AdS correspond to operators in the boundary conformal field theory. According to the AdS/CFT dictionary, the masses of the bulk fields determine the conformal dimensions of the boundary fields.
In particular, it was shown by Dolan et. al. [7] , that partially massless spin-2 fields (h µν ) in the bulk of AdS space correspond, on the boundary, to fields (L ij ), which obey a specific conformally-invariant differential equation. If the boundary of the AdS is flat, the differential operator reduces to partial conservation equation of a tensor field (operator)
:
As demonstrated in [7] , due to m 2 being negative for partially massless fields in AdS, the first descendant of the corresponding partially conserved operator has a negative norm, rendering the boundary theory unphysical. Therefore, at the linear level there seems to be no room for the partially massless fields in AdS. For dS, on the other hand, we do not have a proper dS/CFT correspondence to make use of these fields. What happens beyond the (already studied ) quadratic Einstein level, in AdS, is our main aim in this work.
Here we suggest that, in certain cases ( though, not in the most famous AdS 5 × S We also study the (Weyl) 4 corrected spin-2 action in the maximally supersymmetric AdS 5 × S 5 case, and show that partially massless fields are ruled out here, supporting the conclusion of [7] . [ Strictly speaking, by imposing the Pauli-Fierz term, which does not arise in string theory, we are changing the background geometry. ]
We first review the main ingredients of the partially massless spin-2 fields in a cosmological background, and then consider the spin-2 field equations derived from higher curvature theories. Finally, we study the AdS 5 × S 5 background as a solution to Type IIB String/SUGRA equations with R 4 quantum corrections.
Our conventions are: signature (−, +, +, .
We derive the equations of motions of a spin 2-field by linearizing the gravity part of the low energy string-generated gravity equations around the relevant background. Let us start with the lowest order Einstein equations
linearized aroundḡ µν , for which the Ricci tensor isR µν = 2 D−2 Λḡ µν . We obtain the following covariantly conserved equation for the massless spin-2 field
where R L = (g µν R µν ) L and the linear part of the Ricci tensor is defined as
All derivatives are with respect to the background metric, which also raises and lowers the indices. Here: h =ḡ µν h µν and2 =ḡ µν∇ µ∇ν . To get a massive spin-2 field, we add the usual ghost-free Pauli-Fierz mass, with the correct relative sign:
For m 2 = 0, taking the double divergence and the trace of this equation, one obtains,
Unlike the generic (m 2 , Λ) theory, h µν does not have to be traceless (i.e h = 0) at the partially massless point for which the mass is tuned as
One condition on the field drops out, yielding instead the following (higher derivative) scalar gauge invariance
Needless to say (7) assigns a negative m 2 for the partially massless fields in AdS. This by itself does not pose a threat since AdS allows negative m 2 for various fields, including massive spin-2 field as long as the corresponding Brietenlohner-Freedman [8] bounds are satisfied.
In [7] , whose notations and results we follow, partially massless spin-2 field was employed in the context of AdS/CFT. The authors showed that such a field in the bulk of AdS D corresponds to a symmetric tensor L ij on the boundary, which satisfies the following conformally invariant differential equation
whereg ij is the conformal metric on the boundary. This differential equation was studied before by Eastwood and collaborators [9] . As in the simplest examples of AdS/CFT, let us assume that the boundary is conformally flat, then (9) reduces to the more transparent partial conservation law
Suppose now |L ij > is a symmetric primary state on which the D−1 dimensional conformal group acts. Let P i be the momenta; as a a result of (10), we require P i P j |L ij > to be a null state. This then implies the existence of a negative norm state: Einstein gravity, TMG is a dynamical theory: Linearized equations show that there is a massive scalar degree of freedom with mass |M|. For this scalar mode to be non-ghost with positive Hamiltonian, the sign of the Einstein action has to be flipped from its usual one once the higher derivative topological term is introduced [13] . Even though TMG is quite distinct from the theories we are about to consider, it nevertheless provides us with a concrete example of how higher derivative terms can change linear level signs.]
Let us now turn to Einstein-Gauss-Bonnet model [10] , which is expected to arise in some string theories [ or string theory compactifications].
String theory dictates the sign of γ to be positive. Even without an explicit cosmological constant, AdS [not dS!] is a solution [11] to the equations of motion derived from (11)
The cosmological constant of the AdS space that solves the equations is determined by
Linearizing (12) about AdS, one finds [12] how the presence of γ modifies the massive spin-2 equation,
subject to the condition (13) . Thus one actually obtains the sign-flipped version of (4)
The crucial and non-trivial point here is that both (4) and (14) circumvent the objection of [7] ( at least beyond four dimensions ).
On the other hand, if we include an explicit cosmological constant ( Λ 0 , whose sign is arbitrary ), the above analysis branches into several directions. For given (Λ 0 , κ, γ) there are two different AdS spacetimes which solve the equations. The cosmological constant of these spaces are
and the partially massless fields have the mass
One, now, has various choices, depending on the sign of Λ 0 and on the choice of Λ + or Λ − .
For Λ 0 < 0, we have Λ ± < 0, but only Λ − gives real mass to partially massless fields.
Having pointed out that certain higher curvature spin-2 theories have non-tachyonic masses for the partially massless fields, can we now make use of this result in AdS/CFT?
Unfortunately, I do not know any examples of latter where there are Gauss-Bonnet corrections to bulk gravity. One would expect that less supersymmetric forms of AdS/CFT duality might allow Gauss-Bonnet terms. But, for now, let us briefly study the wellunderstood maximally supersymmetric case. In low energy Type IIB SUGRA the next to leading order corrections (in the α ′ expansion ) around the AdS 5 × S 5 vacuum are of the C 4 type( here C 4 schematically represents the two inequivalent contractions of four Weyl tensors C µναβ [14] . Switching off the dilaton and all the fields but spin-2, the action reads
where ρ is the usual complex coupling and f 4 is given by an Eisenstein series, whose details will not be relevant to us, but can be found in [14] . k is a constant. 
